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ABSTRACT

In tropical acid soils, acidity is an important constraint for avail-
ability and uptake of nutrients by annual crops, and this leads to
lower crop yields. Factors that contribute to low nutrient uptake
efficiencies in these soils are low natural levels of most essential
plant nutrients and unfavorable soil and plant environments. High
P fixation capacity, Al, Mn and H toxicity, low activities of bene-
ficial microorganisms, soil compaction, infestation of weeds, dis-
eases and insects, drought and intensive monoculture are some of
the major factors that contribute to the unfavorable soil and plant
environments. Improving nutrient use efficiency in these soils de-
mand adoption of special management practices. These practices
include timely application of adequate levels of lime, gypsum and
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fertilizers to meet crop demand, use of proper crop rotation, im-
provement of organic matter content, control of soil erosion and
use of acid tolerant crop species and cultivars within species.

INTRODUCTION

Tropical agriculture is faced with a serious challenge of feeding about 70%
of the world’s inhabitants, and generating cash income to meet other basic neces-
sities of life. A significant portion of population in tropical regions suffer from
malnutrition. In addition, intensification and extension of agriculture into the mar-
ginal lands have created severe ecological problems (e.g. deforastation, soil deg-
radation, environmental pollution and increased greenhouse gas emissions).

Tropical soils may be defined as all those soils that occur in the geographic
tropics that is, in that region of the earth lying between the tropic of Cancer and
the tropic of Capricorn, also known as the Torrid Zone (Eswaran et al., 1992).
Diverse types of soils occur in the tropical regions. Acid and low fertility Oxisols
and Ultisols cover about 43% of the tropics (Sanchez and Logan, 1992). Most of
the central part of Brazil is tropical savanna, known as the Cerrado, covers about
205 million ha or 23% of the country. Most of the soils in this region are Oxisols
(46%), Ultisols (15%), and Entisols (15%), with low natural soil fertility, high
aluminum saturation and high P fixation capacity (Fageria and Stone, 1999).
There are about 30 million ha of lowlands in Brazil, known locally as Varzea.
These areas are distributed throughout the country and generally are under favor-
able climatic conditions for crop production. They represent a large portion of the
acid lowlands of the world which can be brought under cultivation. At present,
about 1.5 million ha of these Brazilian lowlands are under cultivation. Due to
adequate water availability and the favorable climatic conditions, it is possible to
produce three crops annually on these lands with proper technology. If this can be
achieved, the quantity of food produced on these Brazilian lowland soils can con-
tribute significantly to the total food production of the world. Generally, Varzea
soils have good initial soil fertility but after two to three years of cultivation, the
fertility of these soils is known to decline (Fageria and Baligar, 1996). Farming
systems need to be developed based on improved soil management technology to
bring these areas under sustainable, intensive crop production. The addition of
sufficient amounts of nutrients is one of the key factors in improving crop yields
and maintaining sustainable agricultural production on these lowlands. The objec-
tive of this paper is to suggest appropriate management strategies for improving
nutrient efficiency of these Brazilian acid soils for sustainable crop production.

1304 FAGERIA AND BALIGAR

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
U
S
D
A
 
N
a
t
l
 
A
g
r
i
c
u
l
t
u
l
 
L
i
b
]
 
A
t
:
 
1
9
:
5
7
 
3
 
J
u
n
e
 
2
0
1
0



ORDER                        REPRINTS

MANAGEMENT STRATEGIES FOR IMPROVING
NUTRIENT UPTAKE EFFICIENCY

Highly weathered Brazilian soils are acidic and have low natural levels of
plant nutrients. The nutrient levels of these soils can be improved and depleted
soils can be restored for sustainable crop production through management prac-
tices such as liming, application of adequate levels of fertilizers, control of soil
erosion, increasing soil organic matter content, adoption of appropriate crop ro-
tation and use of nutrient-efficient species and/or cultivars.

Liming

In tropical South America, 85% of the soils are acidic, and approximately
850 million ha of this area are under-utilized. The low yield of crops grown on
acid soils is due to a combination of Al, Mn and H toxicity and deficiencies of N,
P, K, Ca, Mg, Zn, Cu, and B. Most Brazilian soils are acidic and liming is the most
common and effective practice for reducing soil acidity related problems. Lime
significantly increased grain yields of annual crops such as common bean (Pha-
seolus vulgaris L.), corn (Zea mays L.), and soybean (Glycine max L. Merrill)
grown on a Brazilian Oxisol (Table 1). Liming increases pH, Ca, Mg and base
saturation and consequently improve crop yield (Fageria and Santana, 1998) As
soil pH increases, the availability of P and Mo increases, whereas Mn, Cu, Fe and
Zn availability decreases. The quantity of lime applied depends upon type of soil,
quality of liming material, crop species/cultivar, and cost.

Table 2 shows optimum pH and base saturation levels for upland rice (Oryza
sativa L.), common bean, corn and soybean on a Brazilian Oxisol. The optimum
pH was 5.6 for upland rice, 6.2 for common bean, 6.4 for corn and 6.8 for soybean.
Similarly, optimum base saturation level was 40% for upland rice, 53% for com-
mon bean, 59% for corn and 64% for soybean. Therefore, upland rice was most
tolerant to soil acidity and soybean was most sensitive. For Brazilian Oxisols, the
optimum pH for most annual crops is considered to be in the range of 5.5 – 6.7
(Fageria and Stone, 1999). Similarly, the optimum base saturation values varied
from 50 –60% for most annual crops in Brazilian Oxisols (Raij and Quaggio,
1997).

Use of Optimum Rate of Essential Nutrients

There are three main criteria that can be used in defining adequate rate of
essential nutrients. The first criterion is soil test calibration data relating nutrient
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concentration and crop response. This approach is applicable to immobile nu-
trients in the soil-plant system. In case of mobile nutrients such as N, soil test
calibration data have little use and crop response curves relating N rates and yield
should be more useful in making N fertilizer recommendations. Soil and plant
analysis are other two approaches which can be used in determining optimum
rates of essential nutrients in crop production and maintaining the sustainability
of agriculture system.

Nitrogen Deficiency

Nitrogen deficiency is a major limiting nutrient for plant growth in acid soils
of tropical and temperate regions. In tropical America, N deficiency is a major
soil constraint over 93% of the region occupied by Oxisols and Ultisols (Sanchez
and Salinas, 1981). The main reasons for widespread N deficiency in these tropi-
cal soils are: a) lower rate of N applied compared to rates of N removed in the
harvested portion of the crops, b) loss of N by leaching, denitrification, and vola-
tilization, and c) decline in soil organic matter content with successive cultivation.

1306 FAGERIA AND BALIGAR

Table 1. Response of Upland Rice, Common Bean, Corn, and Soybean to Lim-
ing Grown on an Oxisol1

Lime Rate
(t ha�1) Upland Rice Common Bean Corn Soybean

0 4559 1394 6490 1054
4 4568 1589 7659 1214
8 4434 1912 8501 1441
12 4590 1760 7862 1395
16 4659 1481 7653 1401
20 4413 1466 8221 1498
F test NS ** ** *
C V (%) 8 13 7 16
Regression
b0 4531.31 1402.89 6730.55 1067.22
b1 8.16 76.37 218.14 46.29
b2 �0.51 �3.86 �8.05 �1.33
R2 0.02NS 0.61** 0.48** 0.44*

*,**, NS Significant at the 5 and 1% probability level and nonsignificant,
respectively.
1 A field experiment was conducted during 4 consecutive years in a upland rice-
common bean-corn-soybean rotation and values are average of two years for
each crop.
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Table 3. Response of Rice and Common Bean Grown in Rotation to Fertil-
ization in Cerrado and Varzea Soils

Fertlity Level
Rice Grain Yield

(kg ha�1)1

Common Bean
Grain Yield
(kg ha�1)1

Cerrado soil2

Low 1684b 1230c
Medium 2117a 1818b
High 2104a 2162a
Medium � green manure 2403a 1537a
F test * **

Varzea soil3

Low 4327b 294b
Medium 5523a 663a
High 5465a 851a
Medium � green manure 6332a 823a
F test ** **

1 Values are averages of three crops grown in rice-bean rotation.
*,**significant at the 5 and 1% probability levels, respectively. Within same
column, means followed by the same letter do not differ significantly at 5%
probability levels by Tukey’s test.
2 Cerrado soil fertility levels for rice were low (without addition of fertiliz-
ers); medium (50 kg N ha�1, 26 kg P ha�1, 33 kg K ha�1, 30 kg ha�1 fritted
glass material as a source of micronutrients); high (all the nutrients applied
were the double the medium level). Cajanus cajan L. was used as a green
manure at the rate of 25.6 t ha�1 green matter. For common bean the fertility
levels were low (without addition of fertilizers); medium (35 kg N ha�1,
44 kg P ha�1, 42 kg K ha�1, 30 kg ha�1 fritted glass material as a source of
micronutrients) and high (all the nutrients applied were double the medium
level).
3 Varzea soil fertility levels for rice were low (without addition of fertilizers);
medium (100 kg N ha�1, 44 kg P ha�1, 50 kg K ha�1, 40 kg ha�1 fritted
glass material as a source of micronutrients); and high (all the nutrients ap-
plied were double the medium level). Cajanus cajan L. was used as a green
manure at the rate of 28 t ha�1 green matter. For common bean the fertility
levels were low (without addition of fertilizers); medium (35 kg N ha�1,
52 kg P ha�1, 50 kg K ha�1, 40 kg fritted glass material as a source of mi-
cronutrients) and high (all the nutrients applied were double the medium
level).
Source: Fageria and Souza, 1995; Fageria and Baligar, 1996.
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Rice and common bean responded to fertilizer application on Cerrado and Varzea
soils of Brazil (Table 3). Rice grown on Varzea soil responded significantly up to
210 kg N ha�1, however, the 90% of the maximum yield was obtained at about
100 kg N ha�1 (Table 4). In Brazil an average of 60 kg N ha�1 is generally used
for lowland rice. By increasing N application to 100 kg ha�1 rice yield could be
increased substantially.

Phosphorus Deficiency

Phosphorus deficiency also limits crop yield on the Cerrado as well as Var-
zea soils of Brazil (Fageria and Baligar 1997a; Fageria et al., 1997) The two main
reasons for P deficiency in these acid soils are low natural levels of soil P and
capacity to fix high levels of added P. Fageria and Barbosa Filho (1987) have
reported that in Oxisol of central Brazil the amount of P fixed (added P not recov-

ANNUAL CROPS IN BRAZILIAN ACID SOILS 1309

Table 4. Response of Lowland Rice to Nitrogen Fertilization on a Lowland Acid
Soil of Central Brazil

N Rates
(kg ha�1) 1st Crop 2nd Crop 3rd Crop Average

kg ha�1

0 3579 3754 3702 3678
30 3900 4971 3972 4281
60 5383 6159 5265 5602
90 5946 5883 5109 5646
120 6231 7044 5757 6344
150 6439 6945 5703 6362
180 7101 6488 5527 6372
210 6862 6975 5330 6389

F test ( N ) ** ** ** **
F test (crop) **
F test (N � C) *
CV(%) 8 10 12 10

Regression
b0 3400.87 3900.88 3560.27 3620.50
b1 33.87 37.50 28.55 33.31
b2 �0.08 �0.11 �0,10 �0.10
R2 0.96** 0.92** 0.92** 0.99**

*,**Significant at 5 and 1% probability levels, respectively.
Source: Fageria, 1998.
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ered by Mehlich 1 extracting solution) increased from 45 to 268 kg P ha�1 as the
P application rate increased from 50 to 400 kg P ha�1. Therefore, to maintain
adequate P supply in these high P fixing soils to support optimum crop yields there
is need for application of large amounts of P fertilizer. The soil P test availability
indices and P fertilizer recommendations for lowland rice grown on a Brazilian
Inceptisol are presented in Table 5.

Potassium Deficiency

The need for K application of annual crops is not as widespread and signifi-
cant as that for N and P on the Cerrdao and Varzea soils of Brazil. However, K is
absorbed in greater quantities by annual crops, especially the high yielding culti-
vars. A single upland rice crop grown on an Oxisol of Cerrado soil producing
4795 kg ha�1 of grains in about 130 days used 159 kg N ha�1, 13 kg P ha�1, and
189 kg K ha�1 (Fageria, 1998). Where intensive agriculture is practiced, failure to
replace K that is removed in the harvest can result in K deficiency. Response of
upland and lowland rice to added K in Cerrado and Varzea soils of Brazil has been
reported by Fageria et al. (1989, 1990b). In these studies K significantly increased
upland and lowland rice grain yields but the response varied from cultivar to cul-
tivar and year to year. Applied K were rapidly removed from the soil by crops and
leaching to lower depths and yearly application of K can be expected to result in
a significant increase in rice grain yield.

Three management practices can be used to improve K fertilizer recover and
use efficiency by plants growing on acid soils. First, K fertilizers should be applied
at an economically feasible rate, bearing in mind the crop requirement and the
long term need to replace K that is lost through crop removal and leaching. Sec-
ond, the incorporation of crop residues in the soil after harvest enables a substan-
tial amount of the K to be recycled. Approximately 85 to 92% of the total K

1310 FAGERIA AND BALIGAR

Table 5. Mehlich-1 Soil Test P Availability Indices and P Fertilizer
Recommendations for Lowland Rice Grown on an Acid Inceptisol of
Central Brazil

Soil P Test
(mg kg�1)

P Test
Interpretation

Broadcast P
Application
(kg ha�1)

Band P
Application
(kg ha�1)

0–3.0 Very low 306 52
3.1–6.4 Low 219 44
6.4–12.0 Medium 153 35

�12 High 0 26

Source: Fageria, 1999.
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content remains in the vegetative shoot of cereals such as rice and corn and 54 to
65% of plant K remain in the shoot of legumes such as common bean and soybean
(Table 6). The third practice involves the use of K-efficient cultivars that have an
increased K uptake efficiency.

Calcium, Magnesium, and Sulfur Deficiency

Deficiencies of Ca, Mg and S are also important limitations to plant growth
in acid soils. Crops removed from about 26 to 53 kg Ca ha�1 and 12 to 26 kg Mg
ha�1, from an Oxisol of central Brazil depending on the yield and the particular
crop (Table 6). Crop requirements of Ca and Mg in soils that are deficient in these
elements can be met with the application of dolomitic lime (Fageria and Stone,
1999). Adequate levels of Ca, Mg and saturation of these elements were deter-
mined for upland rice, common bean, corn, and soybean grown in sequence on
a Brazilian Oxisol (Table 7).

Gypsum (CaSO4.2H2O) can also be used to improve Ca content of acid
soils. In Cerrado soils of Brazil, gypsum applications for annual crop production
are made on the basis of basis of clay content using the formula (Sousa and Lo-
bato, 1996): Gypsum requirement (kg ha�1) � 50 � clay content (%). In addition
to Ca, gypsum also supplies S. The Ca2� and SO4

2� in gypsum form an ion pair
which is more mobile and leaches to subsoil horizons where native Ca levels may
be too low to support root growth. The ionic strength of the soil solution is in-
creased by gypsum, and lowers the activity of Al3. Further, Sulfate forms ion pairs

ANNUAL CROPS IN BRAZILIAN ACID SOILS 1311

Table 6. Dry Matter and Grain Yield and Nutrients Accumulation by Upland Rice, Com-
mon Bean, Corn, and Soybean Grown in Rotation on an Oxisol of Central Brazil

Upland Rice Common Bean Corn Soybean

Nutrient and Yield Shoot Grain Shoot Grain Shoot Grain Shoot Grain

Yield (kg ha�1) 6642 4794 1773 1674 13670 8148 2901 1323
N (kg ha�1) 80 80 19 68 82 128 57 90
P (kg ha�1) 4 9 1 5 5 17 8 9
K (kg ha�1) 174 15 37 31 108 19 44 24
Ca (kg ha�1) 27 2 21 5 34 8 48 5
Mg (kg ha�1) 19 5 8 4 18 8 16 3
Zn (g ha�1) 159 136 45 73 183 196 75 87
Cu (g ha�1) 35 51 12 21 60 8 95 31
Mn (g ha�1) 1308 395 91 17 366 81 269 27
Fe (g ha�1) 523 148 398 129 974 163 1277 172
B (g ha�1) 40 20 26 14 137 49 38 21

Source: Fageria, 1998.
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such as AlSO4
�� which is less toxic to plants than Al3�. In some Cerrado soils of

Brazil when SO4
2�-S is below 10 mg kg�1, crop responses to applied S have been

reported (Malavolta et al., 1987). These authors have also reported that crops are
likely to benefit from the addition of S containing fertilizers at the rates of 20 kg
S ha�1.

Micronutrient Deficiency

Brazilian soils are generally low in available Zn and deficiency of this
nutrient has been reported in upland as well as lowland rice, corn and soybean

1312 FAGERIA AND BALIGAR

Table 7. Relationship Between Exchangeable Ca and Mg (X) Parameters and Grain Yield
(Y) of Upland Rice, Common Bean, Corn, and Soybean Grown on an Oxisol of Central
Brazil

Ca and Mg
Parameter Regression Equation R2

Adequate
Level1

Upland rice
Ca (mmolc dm�3) Y � 4029.37 � 43.07X � 0.84X2 0.20ns 18
Mg (mmolc dm�3) Y � �2800.39 � 12.47X � 0.52X2 0.81** 12
Ca (saturation (%)) Y � 4071.01 � 31.43X � 0.48X2 0.22NS 21
Mg (saturation (%)) Y � �595.03 � 696.33X � 23.29X2 0.70** 15

Common bean
Ca (mmolc dm�3) Y � �1648.45 � 237.43X � 4.13X2 0.80** 29
Mg (mmolc dm�3) Y � �16209.33 � 2844.50X � 112.82X2 0.43* 13
Ca (saturation (%)) Y � �1266.18 � 164.77X � 2.24X2 0.62** 37
Mg (saturation (%)) Y � �978.32 � 1429.21X � 44.42X2 0.40* 16

Corn
Ca (mmolc dm�3) Y � �138.87 � 497.33X � 7.46X2 0.73** 33
Mg (mmolc dm�3) Y � �30640.46 � 5708.76X � 209.40X2 0.81** 14
Ca (saturation (%)) Y � 760.8652 � 342.98X � 3.98X2 0.72** 43
Mg (saturation (%)) Y � �17743.14 � 2929.85X � 82.48X2 0.81** 18

Soybean
Ca (mmolc dm�3) Y � �130.95 � 81.71X � 1.03X2 0.96** 40
Mg (mmolc dm�3 ) Y � �7735.49 � 1297.30X � 46.61X2 0.99** 14
Ca (saturation (%)) Y � �1.20 � 57.94X � 0.56X2 0.96** 52
Mg (saturation (%)) Y � �4781.56 � 693.09X � 19.15X2 0.99** 18

*,**Significant at the 0.05 and 0.01 probability level, respectively.
1 Adequate level was calculated by regression equation, where R2 was significant and
when R2 was nonsignificant, original soil value was considered adequate.
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(Fageria et al., 1997). Most of the Brazilian soils are acidic and liming is an essen-
tial practice to improve soil pH and decrease toxicity of toxic elements such as
Al3� and Mn. With increasing soil pH due to liming the ionic forms of the micro-
nutrient cations forms insoluble hydroxides or oxides and induce deficiency of the
elements to crops. For example iron deficiency results in upland rice when soil pH
in Brazilian Oxisols is raised to 6.0 by liming (Fageria, 1998). The best manage-
ment strategy is to avoid over liming these soils. Application of about 2 to 5 kg
Zn ha�1 through zinc sulfate to these soils can correct the zinc deficiency for most
of the annual crops. Foliar spray of micronutrients is also an important strategy to
correct deficiency in annual crops. Table 8 shows adequate and toxic levels of Zn,
Cu, Mn, and B in soil and plant tissue of upland rice, common bean, corn, soy-
bean, and wheat grown on an Oxisol of central Brazil under greenhouse condi-
tions. These values can be used as reference in soil and plant analysis and correct-
ing micronutrient deficiencies in crops.

Control of Soil Erosion and Consideration of Soil Organic Matter

Water erosion causes top soil loss and decreased soil productivity of arable
lands under Brazilian conditions. Top soil depth has been often used to evaluate
soil quality and productivity. Loss of top soil usually reduces the amount of plant-
available water and nutrients and leads to reduced productivity. Soil erosion can
be reduced to tolerable levels by adopting erosion control structures (terraces,
strip) and management practices such as contour planting, cover cropping, and
conservation tillage. These practices can reduce the rate of soil erosion and con-
tribute to higher nutrient use efficiencies in Brazilian soils.

Soil organic matter (SOM) is linked to desirable soil physical, chemical, and
biological properties and is closely associated with soil productivity. As a chemi-
cal reservoir, there is universal acknowledgement that SOM is the major indige-
nous source of soil-available N, P, S and other essential nutrients. Some cultural
practices such as incorporation of crop residues, use of organic manures, use of
proper crop rotation and conservation tillage systems are important strategies for
maintaining adequate levels of SOM and reducing potential soil erosion.

Use of Crop Rotation

Crop rotation has many advantages such compared to monoculture such as
improving SOM content, reducing incidence of insects, weeds and diseases, and
minimizing the N fertilizer requirement for optimal grain yield. For crops follow-
ing legumes, the reduced N fertilizer input is often attributed to N2 fixed by
the preceding legume crop that is released through decomposition of roots and
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residues. Furthermore, rotated crop sequences may potentially provide available
soil N through increases in SOM, soil microbial biomass, and mineralizable N.
Selection and applicability of cropping systems in rotation are guided by climatic
and economic factors. Specific crop rotation sequences are chosen for adaptability
to the climate and soils of the area, performance in relation to other crops in the
cropping sequence, and economic return. Choice of crop is greatly affected by the
availability of water, which is generally determined by local environmental con-
ditions. In Brazilian Cerrado as well as Varzea soils, rice-common bean-corn-
soybean is one of the appropriate crop rotations. Another crop rotation may be

1316 FAGERIA AND BALIGAR

Table 9. Critical Al Saturation for Important Field Crops at
90 –95% of Maximum Yield

Crop Type of Soil
Critical Al

Saturation (%)

Cassava Oxisol/Ultisol 80
Upland rice Oxisol/Ultisol 70
Cowpea Oxisol/Ultisol 55
Cowpea Oxisol 42
Peanut Oxisol/Ultisol 65
Peanut Xanthic Halpludox 54
Soybean Oxisol 19
Soybean Xanthic Halpludox 27
Soybean Oxisol/Ultisol 15
Soybean Not given �20
Soybean Ultisol 20 –25
Soybean Histosol 10
Soybean Ultisol 20
Corn Oxisol 19
Corn Xanthic 27
Corn Oxisol/Ultisol 29
Corn Oxisol/Ultisol 25
Corn Oxisol 28
Mungbean Oxisol/Ultisol 15
Mungbean Oxisol/Ultisol 5
Coffee Oxisol/Ultisol 60
Sorghum Oxisol/Utisol 20
Common bean Oxisol/Ultisol 10
Common bean Oxisol/Ultisol 8–10
Common bean Oxisol/Ultisol 23
Cotton Not given �10

Source: compiled from various sources by Fageria et al., 1997.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
U
S
D
A
 
N
a
t
l
 
A
g
r
i
c
u
l
t
u
l
 
L
i
b
]
 
A
t
:
 
1
9
:
5
7
 
3
 
J
u
n
e
 
2
0
1
0



ORDER                        REPRINTS

soybean-corn-rice-common bean. In these rotations, the first crop is planted dur-
ing the rainy season (October to March) and second crop is planted during dry
season with irrigation (May to September).

Plant Genetic Variability

Use of nutrient-efficient or tolerant crop species and/or cultivars can be a
complimentary solution for crop production on low fertility or acidic soils. Dif-
ferences in crop cultivars use of N, P, and K have been reported by Fageria et al.
(1988; 1990a; 1997) and Fageria and Baligar (1997b) under Brazilian conditions.
Similarly, Extensive review of plant, soil and climatic factors that influence the
nutrient use efficiency in plant species and cultivars within the species can be
found in Baligar and Fageria (1997). For example, data given in Table 9 shows
differences in Al tolerance of different crop species expressed on the basis of Al-
saturation. Cassava (Manihot esculenta Crantz), upland rice, cowpea (Vigna un-
guiculata L.) and peanut (Arachis hypogaea L.) are most tolerant to Al-toxicity
and cotton (Gossypium hirstum L.), common bean, soybean and mungbean (Pha-
seolus aureus Roxb.) are most sensitive.

CONCLUSIONS

Increasing crop yields has become essential to keep pace with the increasing
world population. By improving recovery and nutrient use efficiency of highly
weathered acid soils of the tropics, food production can be significantly increased.
In Brazil there are vast areas which can be brought under cultivation but most of
the soils in these areas are acidic and contain low natural levels of most of the
essential plant nutrients to support productive crop growth. To obtain higher stable
crop yields on these soils, the following management practices are suggested to
improve nutrient recovery and use efficiency: (1) use of adequate rates of liming
and fertilizers, (2) maintaining an adequate supply of organic matter, by use of
organic manures where possibilities exist, on small holdings, or use of green ma-
nure on bigger holdings, (3) use of proper crop rotation with emphasis on increas-
ing the area under grain legumes and forage legumes in the rotation so as to derive
benefit from nitrogen fixation, (4) adoption of improved cultural practices to im-
prove nutrient use efficiency, (5) use of nutrient efficient or tolerant cultivars in
combination with soil amendments, (6) use of acid soils that have very low natural
fertility and sandy texture for permanent pasture rather than crop production, and
(7) adapt Integrated nutrient management system to improve the overall nutrient
use efficiency by annual crops (Fageria and Baligar, 1997c).
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